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'Alt i tude Range Average ha lo7 qu 
km height  ,km rcm-2sec-i 

66 11 
94 - 96 95 3 01 
96 - 94.8 95.5 6.8 

DRAFI! TRANSLATION - 

fitit. Average Eh 107 qa, ' 
range, c+ height,km em-2 8ec-I 

9408-57 91.2 2.4 
87-76 81.5 1 
76-55 67.5 <I.? 1W2 

ImTERF~ATIGIT Or" 2OCKZT 3EASUXDENT DATA 
-- OBTAIXED I N  THX UPPER ATMO&qm- WITH THE HELP OF 

THE~LUMINESCENT PHOSPHOR * 

by T. V. Kazachevskaya 
G. S. I V ~ O V - K h O l O d n ~  

Measurements of the  i n t e n s i t y  of pene t r a t ing  r a d i a t i o n  

in t h e  lower p a r t  of t he  ionosphere, i n  t h e  70- 100 km range 
uere c a r r i e d  out  aboard a rocket during t h e  solar e c l i p s e  of 
15 February 1961. with t h e  a i d  of  thermoluminescent phosphor 

Cas04 (Mn) L11 . - A very powerful r a d i a t i o n  w a s  then r e g i s t e r e d  
even during t he  maximum phase oi t h e  ec l ip se .  A comparison between 

t h e  r a d i a t i o n  i n t e n s i t y  measured with the  a i d  of phosphoris with 

t h e  effect  t h a t  should have been an t i c ipa t ed  from the  X-radiation 
flax and from the  emission i n  the  L 
p a r t  of the solar corona not concealed by the  Xoon during eclipse, 

w a s  made in re ference  c13. It r e s u l t e d ,  t h a t  signals from phospho- 

rus were by two orders hiqher than might have been expected of 
X-  or L,- solar emission. That is why the  i n t e r p r e t a t i o n  of the 

obtained d a t a  requires f u r t h e r  considerat ion.  

l i n e ,  o r i g i n a t i n g  from t h e  



2. 

The r e s u l t s  or“ measurements of the  6um6 of l i g h t  z for 
var ious  he igh t s  a r e  compiled i n  Table 1. Certain p e c u l i a r i t i e s  

of the  r e g i s t e r e d  r a d i a t i o n  m u s t  be noted. Its i c t e n s i t y  at  95 Icm, 
expressed in t he  number of quanta  of phosphor’s e d s e i o n  E, 
coastitues about 7 .107quantum cmo2 6ec-1. The r a d i a t i o n  in ten-  
s i t y  drops wi th  a l t i t u d e  decrease,  and at 81 km i t  reachee 

by 14 km, which corresponds t o  about two he ign t s  of uniform atmos- 

phere,  t he  r a d i a t i o n  i n t e n s i t y  deceased less tha t  should have been 
expected for a monochromatic emission. A t  67 km i t  p r a c t i c a l l y  

vanishes  (its i n t e n s i t y  decreases 37 nore t h a n  500 timee in con+ 
parison with the  i n t e n s i t y  a t  95 km). 

1 - 10 7 quantum sec”. Therefore,  w i t h  t he  a l t i t u d e  decrease 

Before passing t o  the  i n t e r p r e t a t i o n  of t he  r e s u l t s  of measu- 
rements, l e t  us consider  other rocke t  exFeriments with phosphorus. 

A ser ies  o f  exger ixents  were c a r r i e d  out  i n  U.S.A, from1948 t o  

1953 C21,in which a method d i f f e r e n t  from t h a t  of c13 w e  applied.  
Phosphorus samples, expoaed at a great he igh t ,  were saved and 

de-excited i n  l abora to rv ,  which gave less r e l i a b l e  r e s u l t s .  One 
o f  the  advantages o f  t he  method of  c21 cons is ted  i n  t h a t  t h e  

exposure w a s  e f fec t ed  with as well as without LiF, CaF2 and Be- 

f i l t e r s .  
Le t  us examine t h e  Table 2, i n  which a re  compiled t h e  results 

obtained i n  c23. Data on the  condi t ions of  t he  experiments are 
cornpilea i n t y f i r s t  six columne: date, t i m e ,  m a x i m u m  he ight  reached 

h-; a l t i t u d e  range, e f f e c t i v e  exposure time t , surface of the 
phosphorus S. The last columns i n d i c a t e  t h e  values of  t h e  sums 
of l i g h t  c8, measured by phoe?horus through a Lip f i l t e r  (trans- 
m i t t i n g  Ld r a d i a t i o n )  and without f i l t e r *  phosphorus c o n t r o l  

sample s i g n a l  r a t i o s  a , p a r t i c i y a t i n g  i n  the f l i g h t  (which allows 

t o  account f o r  t he  e f f e c t  of phosphorus de-exci ta t ion i n  f l i g h t  

and t o  ob ta in  the energy r e g i s t e r e d  i n  a5solu te  u n i t s ) ,  and also 
t h e  converted values  of  t h e  6um of l i g h t  E. 

Eli 



3. 

T A B L E  2 

It should be noted t h a t  i n  the experiment of 17 February 

1950 t h e  exposure t i n e  f o r  phosphorus was of 50 s e c ,  although t h e  

e f f e c t i v e  r e g i s t r a t i o n  t i m e  o f  Ld radiaLion wa6 only o f  1.5- 38.  
on account of rocke t  spinning. 

I n  o rde r  t o  conipre  the results brought ou t  i n  T a b l e  2 

r i t b  t h e  d a t a  obtained i n  the  e r p e r i n e n t  Ell, i t  is necessary to 
pass  from sum6 of l i g h t  2’ expressed i n  microampere/Eec, t o  t he  

t o t a l  number o f  quanta exc i ted  by phosphorus, B E  t h i s  was done i n  

c13 ( s e e  Table 1 ) .  I n  t h i s  c m e  w e  shall deal with q u a n t i t i e e  equal- 

l y  r e f l e c t i n g  t h e  i n t e n a i t y  o f  t h e  e x c i t i n ?  r a d i a t i o n  i n c i d e n t  on 

phosnhorus i n  both cases .  

L e t  us determine t h e  conversion f a c t o r  f o r  pass ing  from 

microampere/sec units t o  t h e  number of quanta f o r  t h e  i n t e n s i t y  of 
Ld measured in c23. To t h a t  e f f e c t ,  w e  shall make use of d a t a  of  

phosphorus) e p e c t r a l  s e n s i t i v i t y  from C33, appl ied  in [23, and a l s o o f  
t h e  d a t a  on exposure t ime, t h e  value of La absorp t ion  in t h e  LIP 
f i l t e r  (3 t imes) ,  t h e  su r face  of phosphorus sample and t h e  r e l a t i v e  

dose of energy a remaining unexcited by phosphorus in f l i g h t  ( t h i s  

according t o  d a t a  on phosphorus1 c o n t r o l  samples). It riEsulted t h e n  

t h a t  according t o  da t a  of the x l i g h t  of 1 7  February 1970. t h e  sum 

o f  l i g h t  f o r  t he  a l t i t u d e  range from 82 t o  127 k m ,  C 1  = 0.126 &a/~ 

corresponds t o  La emission with a 0.048 att cmo2. According to 
d a t a  of t h e  au thors  t h e m e l v e s  c23, t h e  i n t e n i s t y  03 La emission 
d u r i n g  t h a t  f l i g h t  w a 6  of  0.4 e r g  

- .  - 
sec”(thuE p r a c t i c a l l y  t h e  
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6anie j ,  wkich, according t o  phophorus quantum y i e i d  iri-1, provides  

€or  t h e  6um6 of l i g h t  t h e  values  = 10 * 10 7 quantum c r 2  s e d .  

It is  t imely  t o  note ,  t h a t  the phosphorus s e n s i t i v i t y ,  brouFht up 

i n  f J 3 ,  does not d i f i e r  from t h a t  i n  r e f .  L43, Thich w e  a c t u a l l y  
used. iience, we o b t a i n  t h a t  1 n i c r o a p e r e  s e c  corresponds t o  

4 E', e z p e r s e d  in m i -  
croampere s e c ,  and r e q i s t e r e d  by r a n 6  of C a  S04(Fn) without fil- 
t e r ,  were converted i n t o  the values  of  the  t o t a l  number of re-emit- 

t e d  quanta cmo2 sec'l, cory i led  i n  Table 2,  

.- 

10 8 quantum cmo2 sec- l .  The sums of l i g h t  

I n  connections with t3c  conEicerat ions below, t he  t o t a l  time 
of phO6phOrh exposure i n  t h e  upper atmosphere, say 50 eec., w a s  

taken i n t o  account when colrputing =accord ing  t o  the  17  Feb.1950 
experiment,  and not t h e  e - f e c t i v e  time of s o l a r  r a d i a t i o n  r e g i s t r a t i o n .  

1947, and for 17 February and 11 A D r i l  1949. 

The same conversion f a c t o r  w e  used f o r  t h e  f l i g h t s  o f 1 8  NOV. 

Orig ina t ing  from the  data of Table 2, the  fol lowing conclu- 

s i o n s  can be drawn. Note f i r s t  of all, t h a t  a t  rather low a l t i t u d e s ,  

say t o  about 130 km, where only Ld- enies ion  mainly reaches from t h e  
Sun, wi th  a coxqara t ive ly  s h a l l  amount of X-radiation, t he  signal 
from phosphoris without f i l t e r  is by 1.5 - 2 t imes g r e a t e r  than  

t h e  s i g n a l  induced by L@ ,whose  i n t e n e i t y  i s  est imated m i n g  phos- 

phorus with t h e  LIF filter. (*)-  It is also confirmed by t h e  same 

reasoning  i n  regard t o  da ta  of c23, t h a t  at a l t i t u d e s  below 130 km 
a t  l e a s t ,  a c e r t a i n  emission of considerable  i n t e n s i t y  and d i f f e r e n t  

from Lm , is being r eg i s t e red .  It cannot be r e l a t e d  t o  t h e  e f f e c t  of 
solar r a d i a t i o n  i n  t h e  reg ion  o f  t h e  spectrum n e a r  L d ,  for, accord- 

i n g  t o  l a t e s t  spec t roscopic  data, t h e  i n t e n s i t y  o f  t h i s  emission con- 
s t i t u t e s  only a few percent  of t h a t  of Lor . L e t  us r e c a l l ,  t h a t  i n  our 
experiment 1.13 all u l t r a v i o l e t  r a d i a t i o n  w a s  concealed by t h e  Moon. 

(*I For 15 Feb.1550 i t  w a s  15 t i n e s  g rea t e r .  T h i s  w a s  noted by t h e  au- 
t h o r s  of  123 themselves. They a sc r ibed  the  aGdi t iona l  s i g n a l  i n c r e a s e  
t o  t h e  e f f e c t  of e n i s s i o n  i n  the 795- l O 5 C  A ranee.  It haE hoviever a 
low i n t e n s i t y  and is s t r o n g l y  absorbed by t h e  atirosphere so t h a t  i t  
can g ive  a sigal  only above 130 km oi about C.4 erq cm-$ sec-1 i n t .  
S ince  additional-  r a d i a t i o n  was noted belov: 130 km, t h e  explana t ion  of 
L23 must be i n v a l i s .  
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Consideration of date. of c23 shows, t h a t  when measuring 
with phosphorus, a powerful r a d i a t i o n  was a l s o  r e g h t e r e d .  I f  we 

t a k e  i n t o  account &- emirr;ion (cons ider ing  t h a t  it was absorbed 

i n  a l l c a s e s  by 3 times i n  the LiF f i l t e r ) ,  t h i s  r a d i a t i o n  is eaui- 
v a l e n t  to  4 - 9-10  quantum cmo2 sec - l  in t he  80- 127 km a l t i t u d e  
range (experiment of 17 Feb.1950), and a t  greater he igh t s ,  as for 
t h e  o t h e r  t h r e e  f l i g h t s ,  i n  the 127 - 148 k m  a l t i t u d e  range, t h e  

6 flux was about the  same : 5 10 quantum cmo2 sec-l. A t  80 km (on 

11 April 1949) an6 at 1 9 -  82 k m  on 17  Feb.l:150, t he  r a d i a t i o n  is 
by about t e n  t imes weaker : 6 - 9 105 quan tm cm-2 sec-l. 

6 

These r e su l t s ,  obtained i n  4 d i f f e r e n t  experiments,  corro- 
b o r a t e  t h e  f a c t  i t s e l f  of :‘,he presence of a r a d i a t i o n ,  no t  connected 

wi th  t h e  Sun, its g r e a t  i n t e m i t y  and i ts  value,  measured du r ing  

our own exl’eriment [13 (see Table 1). 

Therefore ,  a very powerful r a d i a t i o n  w a ~  measured by means 
o f  phosphor - CaSOi, (Mn),in c13, as well as i n  t h e  American experi-  

ments L21. On 6ne hand, t h i s  r a d i a t i b n  g ives  a t  110 km a s i g n a l  by 
one o r d e r  of magnitude g r e a t e r  than  i n  the  80- 95 km range, and 

on t he  o t h e r -  i t  is obEerved a t  70- 80 kn, when L&- emission is 
a l ready  s t r o n g l y  absorbed. The r a d i a t i o n  r e g i s t e r e d  by phosphorus 

cannot be monochromatic, b u t  m u s t  have a cozqa ra t ive ly  broad spec- 

trum. Among other t h i n g s ,  i t  must i nc lude  a component o f  a r a t h e r  

hard r a d i a t i o n ,  capable of pene t r a t ing  t o  t h e  70 km l e v e l .  

A r a d i a t i o n ,  similar in its c h a r a c t e r i s t i c s  t o  t h a t  descr i -  
bed above, ua8 observed e a r l i e r  in the 70- 100 km a l t i t u d e  range, 
with  the a i d  of thermoluminscent phosphor- Z n S  ( A g )  c5,63.  This  

r a d i a t i o n  w a s  construed as corpuscular ,  c o n s i s t i n g  of  e l e c t r o n  
f luxes .  According takuch measurements t h e  energy flux of t h e s e  e l e c -  

t r o n s  had i n  a l l  t h e  experiments a value of  (1- 5 )  lom2 erg ~ m ~ 2 s e c - l .  
s terol.  On t he  bas i s  of  ionospher ic  data, t h e  spectrum and the  in t en -  

s i t y  of t h i s  e l e c t r o n  nux at var ious  atmosphere l e v e l s  i n  the  
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90 - 3W kin a l t i t u d e  rznge, VXIS cor-puked i n  reference C?, 81 . L e t  

us attempt t o  es t imate  the  e f f e c t  t h a t  may be caused by t h e  a c t i o n  

o f  t h i s  e l e c t r o n  flux on the  C a S O q ( M n )  phos7hor.- The l a t t e r ' a  
s e n s i t i v i t y  t o  e l ec t rons  of v a r i o w  energ ies  was me-sured by 3. M. 
Nosenko, Z. C. Revein and al [9,101 . The s e n s i t i v i t y  t o  electroner 

of energy E r e su l t ed  equal t o  t he  s e n s i t i v i t y  of phosphor 
X-ray r a d i a t i o n  quanta w i t h  s u e  energy. 

The estimate of the  e f f e c t  from t h e  e l ec t ron  flux may be 

conducted a6 follows. It w a s  shown i n  t he  paper by L. A. Antonova 

and G. S. Ivanov-Xholodnyy [?I t h a t  e l ec t rons  with energi.s of 
8 lo3 and 1.5 
i n  the  atmosphere& The ph0sphor.s s e n s i t i v i t y  t o  such e l e c t r o n s  is 
about equal t o  lo9 quantum - erg'l. Therefore,  t h e  i n t e n s i t y  of elec-  

tron flux at 95 km, accoraing o t  our  measuremects C13 during e c l i p s e ,  

c o n s t i t u t e s  0.06 - 0.07 erg cmo2 sec'l,  which agrees  s e l l  with t h e  
measurements of e l ec t ron  fluxes w i t h  t he  a i d  of  Zn§(Ag)- luminescent 

lo4 ev reach r e spec t ive ly  t h e  100 and 90 km l e v e l s  

phomhor : 0,Ol - 0.05 e r g  ~ r n - ~ s e c  -1 . 
Thus, the new measuremnts,  conducted w i t h  t he  a i d  of cas04(&) 

t hermoluminesceqt phosphor 
t a n t  re..-ults, corroborating, the e a r l i e r  obtained da ta  wi th  t h e  a i d  

of ZnS (Ag) about t h e  fact ,  t h a t  a t  80- 95 km, powerful e l e c t r o n  

fluxes are present .  However, the descr ibed experiment is 60 far t he  

first experiment of e l e c t r o n  r e g i s t r a t i o n  with the  he lp  o f  thermolu- 

minescent phosDhor and i t  is necessary t o  repea t  similar measure- 

ments in t he  future .  

during t h e  s o l a r  e c l i p s e  provided impor- 
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